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(71) We, AGFA-GEVAERT, a 
naamloze vennootschap organised under the 
laws of Belgium; of 27, Septestraat, B 2510 
Mortsel, Belgium; do hereby declare the in- 
vention, for which we pray that a patent may 
be granted to us, and the method by which 
n J» J[> # b« performed, to be particularly de- 
scribed in and by the following statement:— 
This invention relates to a process for form- 
ing microcapsules comprising a hydrophilic 
material in an envelope of a water-insoluble, 
ojeopmbc material 

A° encapsulation process suitable for that 
purpose is described in the United Kingdom 
™ept Specification 1,048,696 filed July 10, 
1963 by Gevaert Photo-Production N.V. 
According to said Patent Specification micro- 
capsules containing aqueous material can be 
formed by emulsifying such material in a 
solution of an encapsulating substance in a 
water-immiscible solvent, emulsifying such 
emulsion in an aqueous solution of a hydro- 
philic colloid, and subsequently removing the 
water-unmiscible solvent containing the en- 
capsulating substance eg. by evaporation. The 
encapsulating substance that has to form a 
coherent envelope around the aqueous liquid 
hfl of the microcapsules is preferably a film- 
forming hydrophobic polymer. The hydro- 
? ™£ 0ld dissoIved » the aqueous phase 
in which the first formed emulsion has been 
emulsified acts as a protective colloid and dis- 
persing agent for the droplets containing the 
encapsulating substance surrouridinz the 
aqueous liquid fill. 

It has been estabfisned experimentally that 
a rather large proportion of the droplets pro- 
duced according to the process of said United 
Kingdom Patent Specification 1,048,696 does 
not consist of droplets having an aqueous 
liquid fill but rather consists of small spheres 
entirely consisting of encapsulating substance. 

It is one of the objects of the invention to 
provide an emulsification process ensuring an 
improved yield of filled microcapsulesTonn 
pnsing a hydrophilic phase enveloped by a 
Im-f onrungoleophil ic phase; * 



55 



60 



65 



According to the present invention a pro- 
cess for the manufacture of microcapsules 
comprising a hydrophilic liquid in a hydro- 50 
phobic envelope involves the following steps: 

(A) emulsifying a volume V x of a hydro- 
philic liquid in a volume V 2 of a hydrophobic 
liquid consisting of or containing a substance 
or substances for forming hydrophobic capsule 
envelopes, the volume V x being not greater 
than a volume X 1 where the ratio X 1 /(X X + 
Vt) corresponds with the first inversion point 
of the emulsion formed and 

(B) rapidly adding to such formed emul- 

^IJ^u^?^ OT sdrrin & a volume V, 
of hydrophilic liquid to form an emulsion svs- 
tem comprising a hydrophilic liquid con- 
gruous phase and a disperse phase comprising 
u M"* 1 ^ liquid enveloped int 
hydrophobic liquid phase consisting of or con- 
taining said envdope-forming^ubstancers^ 

CAt-Xx) where the volume X, is such 

«™»n p«« of d» 

«T,S n S;i ?r T ,t S ec ? fication expression 
"hydrophihc bquad" is used to denote all 
liquids in which water is oneof the 
essential components, and any other hydro- 
phd.c hqu.ds that ate misahk witHaX 

sjssssr fM - s 

dittl*****- ."^"Pnilic liquid" includes 
£ K» < ^ P ° SltIOnS of hydrophobic charac- 
ter and relates e.g. to water-immlsdhle liquids, 

an oleophilic solution of a hydrophobic film- 
ronning agent or of a liquid or dissolved sub- 
stance(s) from which such an agent can be 
formed in situ e.g. by polymerisation, poly- 
addinon or polycondensation and relates like- 
wise to liquid hydrophobic monomers and to 
molten oleophilic film-forming material ejr 
molten wax or molten thermoplastic resin. 
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The notion "inversion point" may be 
defined as the critical volume ratio at which 
an emulsion at a constant temperature ceases 
to contain one of the liquid materials entirely 
:> in dispersed form in the other or in another 
liquid material which forms the continuous 
phase of the emulsion. 

The possible emulsification states of a two- 
component liquid system can be illustrated 
iu by a so-called inversion diagram or Ostwald 
diagram as shown in Figure 1. 

In Figure 1 the theoretical inversion dia- 
gram (Ostwald diagram) has been represented 
for an emulsion of an aqueous phase (W) and 
15 an oleophilic phase (O). In that diagram a 
range of volume parts consisting of an aqueous 
phase is plotted on a first line going from the 
right to the left from 0% by volume of 
aqueous liquid (corresponding with 100% by 
20 volume of oleophilic liquid) to 100% by 
volume of aqueous liquid (corresponding with 
0% by volume of the oleophilic phase). 

As a result of the possibility of transforming 
an oil-in-water (O/W) type emulsion into a 
25 water-in-oil (W/O) type emulsion (and vice 
versa) by gradually changing the volume parts 
of the mutually immiscible liquid components 
and by the fact that in practice the two types 
of emulsion systems can exist in intmmiTPrf 
30 state Le. sinurttaeously, two inversion points 
(Ii and I s in the diagram) corresp onding with 
complementary volume ratios are a charac- 
teristic of each inversion diagram describing 
a specific emulsion system of only two 
35 mutually non-miscible liquids. 

The theoretical inversion points correspond 
with the maxrrnrnTi volume that can be 
occupied by spherical droplets of equal 
di a met er- of the dispersed phase when said 
40 droplets are disposed in a hexagonal packing, 
each droplet touching twelve neighbouring 
ones. Such an arrangement is called rhombo- 
hedraL The volume occupied by said droplets 
in such an arrangement stack is 742% of the 
45 total volume of the system. 

Consider the case where a gradually increas- 
ing volume of water is added to a volume of 
oil and suitably agitated to form an emulsion. 
As the volume of water in the system rises 
50 from 0% to 25.8%, that is, rangeB of Figure 
1, the emulsion is ex clus ively a water in oil 
emulsion. This volume ratio corresponds to I x 
in the diagram, the first inversion point When 
the volume of water exceeds 25.8%, that is, 
55 beyond the first inversion point, the system 
can comprise a mixture of two phases namely 
a water in oil emulsion phase and an oil in 
water emulsion phase. This is range C of 
Figure 1. Water can be added so that the 
60 volume of water in the system reaches 742°/ 
(t^ volume of ofl being 25.8% of the system) 
which corresponds to the second or com- 
plementary inversion point I, in Figure 1. 
Beyond this second or complementary inver- 
65 sion point, the system becrnes exclusively an 
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oil in water emulsion, range A of Figure 1. 

Conversely, if a gradually increasing volume 
of on is added to water and suitably agitated 
to form an emulsion, I 2 becomes the first 
inversion point and I, the second or com- 70 
piementary inversion point. Again, in range 
A me system consists of an oil in water emul- 
sion, m range B of a water in ofl emulsion and 
m Y ran ^ C of a mixture of the two phases. 

rrf,lTi^ n0te l^ ^ ***** invention 75 
relate to the enveloping of an aqueous or 
Irydrophilic phase m a hydrophobic phase so 
that U and I, as marked on Figure 1 cones- 
pond to the first and second inversion points 
^ectrvdy. Thus for the purposes of this gn 
specification if a volume of X A of hydrophilic 

ffi T rt .f dd * i 10 a ***** V, of hydro- 
phobic liquid and emulsified the system would 
be at die first inversion point I* and if a vol- 
ume X, of hydrophilic liquid were added to ft* 
Vl ° f ^Phobic liquid and 85 
ermilsified, the system would be at the second 
or complementary inversion point I t . 

It will be appreciated that Figure 1 and the 
irumencal volume ratios (25.8% and 74.2V ^ on 
cited above correspond to die th^S im4- * 
sum points. In practice it will normally be the 
case that the dispersed droplets dtfe/iTste 
and mis means, because the interstices between 
me larger droplets can be occupied by smaller oc 
ora, that the numerical ratios cited above can 
differ appreciably. For example, it may be 
possible for the inversion points to correspond 
with volume ratios of 10% and 90°/ 
. I U as been established experimermdly that 100 
in order to obtain a very high yield of filled 
capsuks in a W./O/W, emulsion system Tfe 
preferable to start m a first step with the 
pn^aration of a W,/0 emulsion having in 
r^^B (see Figure 1) a volume ratio of first 105 

(WO as dose as possible 
to me first mversion point (I 2 ) # 

i-JS.^^ 0 ^ ^ second hyarophilic 
Jqmd (W.) is added rapidly prefer^MyTa 
penod of not longer than 2 seconds and in 110 
such an amount that almost immediately the 
hydrophilic phase volume ratio characteristic 
to me first inversion point (I x ) is passed and 
the volume of hydrophilic hquid switches from 
range B to come close to the second mversion 115 
point (I 2 ) or ends in range A. 

The amount of hydrophilic hquid added in 
the sec ond step should be such that the second 
mversion point is almost reached or is 
exceeded, that is, that the volume ratio actually 120 
reached is such that the additional amount of 
hydrophilic liquid to be added so as to reach 
such second inversion point (if any) is less 
than l/5th and preferably less than l/10th of 
the amount of hydrophilic liquid necessary to 125 
move from the first inversion point to the 
second. 

It is dear from the preceding that in order 
to apply the process of the present invention 
it is necessary t be able to determine the 130 



volume ratios cf the immisci ble liquids at the 
said inversion points. 

In connection herewith it has to be noted, 
that the volume consisting of the introduced 
5 hydrophilic liquid and a specific hydrophobic 
liquid at the inversion points is among other 
things dependent on temperature, droplet size 
distribution, the concentration of emulsifying 
agent and hydrophilic colloid in the hydro- 
10 philic phase and the viscosities of the different 
phases* 

The behaviour of each emulsifying agent 
will be different and Hpprrt on die degree 
and distribution of die hydr op hi lic and hydro- 

15 phobic groups in die emulsifying agent mole- 
cule presenting the so-called hydrophilic- 
lipophilic balance of the emulsifying agent. 

In the present process the composition of the 
first hydrophilic liquid phase W x may be the 

20 same as that of the second hydrophilic liquid 
phase Wj, but need not be. 

Bearing this in mind, and bearing also in 
mind that for a given emulsion system there 
are two inversion points, we can define the 

25 term "inversion point" in relation to an emul- 
sion containing immiscible liquids, one of 
which is wholly dispersed in the other or in 
another liquid forming a continuous plmgf, 
more particularly as being a critical volume 

30 ratio between the immiscible liquids such that 
at the point when a said ratio is reached daring 
die incorporation into the emulsi on of an 
incr easin g proportion of said one liquid or 
during die removal from the emulsion of any 

35 quantity of the liquid forming the continuous 
phase, some of the latter liquid become dis- 
persed in some of said one liquid. 

The volume of hydrophilic liquid at the 
second inversion point (I«) can be easily det- 

40 ermined by measuring the electrical resistivity 
or conductivity of the emulsions. 

Indeed, the electrical resistivity of an emul- 
sion (which by changing the volume ratio of 
hydrophilic liquid with respect to oleophilic 

45 liquid passes from zone B into zone A) 
decreases abruptly on entering zone A since 
the non-polar phase (oleophilic phase) 
becomes then the continuous phase which is 
considerably less dectroconductive than the 

50 polar phase (hydrophilic phase) which latter 
is then present as the dispersed phase. 

The material for the capsule shells prepared 
according to die process of the present inven- 
tion is preferably composed of one or more 

55 water-insoluble substances that is or are 
soluble in a water-immiscible solvent or mix- 
ture of such solvents and that has or have, or 
obtain(s) by evaporating the solvent(s) and/ 
or by hardening or cross-linking, a sufficient 

60 cohesion power to form a coherent envelope 
or film around the hydrophilic liquid fill. 

In the process according to the. invention, 
practically all preformed, film-forming, hydro- 
phobic polymers which are resistant to water 

65 and soluble in a water-immiscible solvent 



having a boiling point lower than 100°C, are 
suited for forming the capsule walL 

Film-forming substances suited for forming 
die capsule shell according to the present 
invention are e.g. of the class of hydrophobic 70 
addition polymers formed by polymerisation 
or copdymerisatian of vinyl polymers such as 
styrene, vinyl chloride, vinyiidene chloride, 
vinyl esters, vinyl ethers, acrylic acid esters 
and methacryiic acid esters, acrylomtrOe and. 75 
methacrylomtrile. 

Further suitable hydrophobic polymers that 
are soluble in a water-immiscible organic sol- 
vent can be prepared by polycondensation 
reaction, such as pofyamides and polyester- 80 
amides, polycarbonates, eg. a polycarbonate of 
2^-bis(4-hydroxyphenyl)-propane, poly- 
carboxyiic acid esters of polyols or poly- 
phenols, polysulphonates and pofyphos- 
phonates. Still further suitable hydrophobic 85 
polymers that are soluble in a water- 
immiscible organic solvent and can be pre- 
pared by polyaddition such as the pdy- 
urethanes and water insoluble modified natural 
polymers, are, for example hydrophobic cd- 90 
hilose derivatives, particularly etnylceliulose 
and hydrophobic chlarinatfd elastomers, eg. 
chlorinated rubber. 

Information about solvents that are immisc- 
ible with water and have a boiling point below 95 
100°C can be found in the book of C 
Marsden: Sdvents Manual with Sdubility 
Chart, Elsevier Press Inc., New York (1954). 
Miscibility or irnmisdbility data of the most 
common solvents wim water can be found in 100 
the tables on pages 1394 to 1401 of D'Ans und 
Lax, Taschenbuch fur Chemiker und Physiker, 
Springer Veriag, Berlin (1949). 

In the preparation of the capsules it is some- 
times nece ssary to use anti-foaming agents, eg. 105 
octyi alcohol, during the step of evaporating 
the organic solvent or mixture of organic 
solvents. The organic water-immiscible solvent 
is preferably of such type that it can be easily 
removed by evaporation under normal pres- 110 
sure conditions, in other words it has prefer- 
ably a boiling point bdow 100°C 

Suitable water-immiscible sdvents are' 
aliphatic and aromatic water-repellent solvents 
eg. hydrocarbons such as n-hexane, benzene, 115 
halogenated hydrocarbons, eg. methylene 
chloride-chloroform and carbon tetrachloride, 
and water-immiscible ethers, eg. diethyl ether. 

In order to obtain a solid capsule shell 
these sdvents have to be removed. This can 120 
be done by gradually evaporating the solvents, 
with or without operating under reduced pres- 
sure. When a monomer is used, which can be 
polymerized at the right time eg. photopoly- 
merized or a wax or polymer melt as oleophilic 125 
phase, the problem of solvent evaporation does 
not exist. 

Hydrophilic colloids or emulsifying agents 
or dispersing agents that may be used in the 
first and/or second hydrophilic phase are 130 
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preferably at least 1% by weight soluble in 
water at room temperature. Suitable hydro- 
philic colloids for that purpose are hydrophilic 
natural colloids, modified hydrophilic natura l 
colloids, or synthetic hydrophilic colloids, for 
example hydrophilic colloids such as gelatin, 
glue, casein, zein, hydroxyethylceHulose, 
cvarboxymflthylcdluiose, methyiceiliilose, 
carboxymethyl-hydixjxyethyl^ellulose, g um 
arahic, sodium alginate, polyvinyl alcohol, 
poly - N - vmylpyrrolidone, pdyvinylamine, 
polyethylene oxide, polystyrene sulphonic acid, 
jx^cryiic acid, polymethacrylic acid and 
hydrophilic copolymers and d eri va t i v es of such 
polymers. Among these colloids gelatin is 
preferably used. Especially good results are 
obtained with polyvinyl alcohol and poly- 
styrene sulphonic acid. For other dispersing 
agents reference is made to the so-called 
"Tensiden" described by H. Konig in 
Zeitschr.Anal.Ch. 251, 127-129. 

The liquid to be encapsulated may contain 
ionic and/or non-ionic substances but should 
not ne cessarily contain only dissolved sub- 
stances; it may contain dispersed particles or 
substances, e.g. suspended compounds such as 
colloidal silica and other colloidal particles and 
pigments. 

According to a pref erred embodiment, when 
me composition of the first hydrophilic liquid 
Phase (W,) differs from that of die second 
hydrophilic liquid (W 2 ) it is advantageous 
to operate with a first hydrophilic phase (W x ) 
the viscosity of which is greater than that of 
the second such phase (W»). 

According to a further preferred embodi- 
ment the temperature of the emulsion during 
its preparation step (A) is kept as nearly con- 
stant as possible in order to avoid fluctuations 
with respect to the W a /0 inversion point. 

The liquid of the fill of the capsules may for 
example be wetting agents, hygroscopic com- 
pounds eg. glycerol, fluorescing compounds., 
compounds decreasing or increasing the pH 
(pH controlling compound), fertilizers, phyto- 
pharmaceuticals, plant growth hormones, 
vitamins, pha rm aceuticals, dyes, all types of 
chemically reactive compounds, eg. reducing 
agents, oxidizing agents, harming agents, 
polymer cross-linking agents, colour reactants 
e.g. leuco dyes or catalysts, which have to be 
kept apart from (a) reactant(s) or co- 
reactant(s) till the moment of dissolution, 
degradation, melting or rupture of the capsule 
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When the capsule is exposed to normal 
atmospheric circumstances, encapsulated water 
will remain encased for a period of time deter- 
mined by the water-permeability of the cap- 
sule walL However, the substances dissolved or 
emukffied in the water. will remain encased 
niaefinately. Substances .• causing water to 
remain encased e.g. glycerol may be added 
either to a hydrophilic phase or to the oleo- 



The capsules prepared according to the 
present invention can be applied in a record- 
ing system wherein capsules arc ruptured by 
an applied pressure, and form the basic 
mgredient for a carbonless duplicating 
material. 

So, in pressure-sensitive materials capsules 
may be used mat can be ruptured by pressure 
and that ^contain (a) reactant(s), eg. a colour 
coupler for (a) co-reactant(s) present in the 
recording sheet itself or-in a receiving material 
wherein they can be transferred, eg. by diffu- 
sion or evaporation. 

The capsules may likewise find application 
in photo-sensitive recording systems or 
materials. For example ingredients suitable for 
usetn photographic processing can be 
encapsulated and set free at the proper 
moment in photographic processing by mdtin* 
or rupturing the capsule shells. So, it is pos- 
sible eg. to incorporate a stabilizing agent in 
encapsulating form into a gektin-containing 
layer of a silver halide photographic material, 
and to set it free at the proper moment, eg. 
by capsule rupture or melting. ' 

Further in connection with photographic 
materials the encapsulating technique may be 
used for preparing so-called packet emulsions 
containing light-sensitive silver halide, and for 
encapsulating one or more photographic 
ingredients eg. hydroquinone and other known 
silver halide developing agents, hardening 
agents for photographic colloids such as 
gelatin, feting agents, eg. compounds yielding 
thiosulphate ions, image-stabilizing agents, eg 
compounds yielding isothiocyanate ions] 
development-activating or development-retard- 
ing substances, eg. conipounds increasing the 
pH, bleaching agents for silver or dyes, colour 
couplers, dyes, physical developing agents 
such as compositions comprising a water- 
soluble noble metal salt, eg. silver nitrate and/ 
or (a) reducing agent(s) in admixture with 
eg. developing agents, such as hydroquinone 
and l-phenyi-3-pyrazc^dinone 

The capsules may likewise contain diazo 
compounds and/or couplers for use in diazo- 
type recording. Capsules prepared according 
to the present invention may further find use 
as toner particles in the development of 
electro-photographic materials. 

In thermographic materials capsules pre- 
pared as described herein and havmg a melt- 
able capsule shell may be used. Such capsules 

CCm ^ m A g ' ( L a X "■*»*<•) *-g. (a) colour 120 
coupler(s), which is (are) set free from the 
capsules upon melting of the capsule shell 
and is (are) allowed to react with (a) reac- 
tant(s) being or brought into intimate contact 
with the freed capsule content. 125 

The present invention is illustrated by the 
following examples without, however, being 
limited thereto. 

The percentages and ratios are by weight 
unless otherwise indicated. 
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Example 1 
!. The starting solutions 
. ~ 200 ^ of a 10% by volume solution in 
distilled water of sulphonated castor on, here- 
5 inafter called hydrophilic phase (W) were 
preparted. 

— 100 ml of a 10% solution in methylene 
chloride of the copolymer of vinyltoluene and 
lsobutylmethacrylate (53/47) hereinafter 

1U called hydrophobic phase (O) were prepared. 
2. Comparison of emulsification procedures 

Before operating along the lines of the 
emulsification procedure of the present inven- 
J«5 011111510115 wim different volume parts of 

15 lgdrophilic phase were prepared to effect 
thereon a conductivity measurement. The 
measurement was performed using a Wheat- 
stone bridge type apparatus. By this technique 
it was possible to determine the second inver- 

20 apn point I, as represented m the graph of 
Figure 2 in which the resistivity (R) expres- 
sed in Ohms is represented as a function of 
the volume of aqueous liquid. (W) in the 
emulsion system. This inversion point cor- 

25 responded at 25°C with a hydrophilic phase of 
67% of the total volume. In other words when 
taking 100 ml of me above defined hydrophilic 
Phase (O) we need at the second inversion 

_ A 200 ml of the hydrophilic phase 

30 ( w) to form an emulsion of droplets of poly- 
mer solution surrounded by a continuous 
medium of the hydrophilic phase. 
In order to obtain a maximum yield of 

« ^opMic-phase-filled mkrocapsules in a 

^5 W/O/w system the operating conditions have 
to be chosen in such a way that first a W/O 
envision is prepared in which the volume of 
hydrophilic phase does not exceed the so-called 
fi^hwerarapota^ 

40 total volume- consists of the hydrophilic solu- 
tion of sulphonated castor oil and that from 
this emulsion the second aversion point (I.) 
is reached very quickly. * 
For comparison's sake three different 

45 emulsification procedures A, B, and C were 
tested. Their results at different rates of liquid 
addition are listed in the accompanying Table. 

A. The whole hydrophilic phase (W) of 
200 ml of said aqueous sulphonated castor oil 

50 potion was added to the 100 ml of hydro- 
phobic phase (O) while stirring the liquids to 
be emulsified with a VIBRO-MISCHER 

55 The rate of addition was different for the 
tests Aj and A*, see the Table. 

B. The hydrophilic phase (W) having a 



total volume of 200 ml was added in two 
separate portions to 100 ml of hydrophobic 
phase (O). The first part of the hydrophilic 60 
phase was added at the rate indicated in the 
Table in an amount of 50 ml s that the first 
inversion point characterized by 33% of 
aqueous sulphonated castor oil phase in the 
total volume was not surpassed. During mis 65 
addition mixing was effected by the alreadv 
mentioned VIBRO-MISCHER. 

Thereupon at the rate indicated in die 
Table and with continuous stirring, the second 
part of the hydrophinc phase (150 ml) was 70 
added so that substantially die second inver- 
sion point (I,) was attained 

C. A water-in-oil type emulsion was pre- 
pared by mixing a first portion of the hydro- 
Pi^ phase (50ml) in the hydrophobic phase 75 
(100 ml) so that the first inversion point (IO 
was not surpassed. The obtained emulsion was 
Jen added to the second portion (150 ml) of 
the hydrophilic phase so that substantially the 
second inversion point (I,) was attained. gn 

After terminating the addition stage in the 
above three tests the obtained emulsions were 
kept stirred with the VIBRO-MISCHER for 
60 seconds at the same temperature (25 °C) 
This additional mixing resulted in a smaller 85 
droplet size distribution. 

The obtained emulsions were kept on a 
water-bath at 40°C for 16 h with gende stir- 
ring by means of a blade stirrer in order to 
remove the methylene chloride and to have the QO 
polymeric capsule envelopes sotidified. 

The capsules obtained were separated by 
suction from the hydrophilic phase and dried 
at room temperature. 

From the following Table it dearly appears 95 
that tte test B, carried out according tothe 
emulsification procedure of the present inven- 
tion offers the best results. 

In said Table we find for each test the rate 
SatS^to- °l thedefined Ux ^ dB we data 100 

1) the capsule size range (SJL) Le. the size 
range comprised between the size of the 
smallest and largest capsules expressed in 
microns . .ap 

J) the yield (Y) of filled capsules, expres- 
sed in percent, obtained by the following 
equation: ^ 

C X 100 

wherein: ^ 
C is the amount of filled capsules, and 
P is the amount of pure polymer spheres. 
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20 



25 



30 



Test 


Sequence of addition 


Rate of 
addition 
(sec) 


a. IV 


Y 


A, 


100 ml (0) + 200 ml (W) 

xuu mi \\f) -r ZUU nil vW) 


45 
1 


0.1-4.1 
3.4-6L5 


12 




100 ml (0) + 50 ml (W) 
+ 150 ml (W) 


45 ~ 
1 


A % CO A 

0. 1—05,4 


77.5 




+ 150 ml (W) 


.1 
45 


3„4— 37.6 


12 




[100 ml (0) + 50 ml (W)] 
added to 150 ml (W) 


™~45 
108 


A "1 AO 

Q.l-48 


34 




added to 150 ml (W) 


45 
2 


3.4^51.3 


39 




added to 150 ml (W) 


1 

2 


3.4-27.4 


30 




added to 150 mi (W) 


1 

105 


3.4-30.8 


30 



*°° a gelatino-sflver chlorobromide 

(10 mole % of bromide) emulsion comainine 
an amount of silver halide equivalent to 56? 
of silver per kg were thoroughly mixed bv 
T**^ VP^O-MISCHER with 100 ml 
of a 100% solution in methylene chloride of 
poJvstyrene to form a W/O emulsion. The 
nrst inversion point was not surpassed. 

With continuous stirring 60 ml of a 0.05V 
aqueous solution of saponin was added in 2 
set. to the obtained W/O emulsion, thus 
*"*? U P& the second inversion point The 
latoave stirrmg was continued for 1 minute 
a w/^^S to £ncrcase *e total volume of 
?f W/ ?^£? ulsio,l obtained a further 60 

wLld&. ao5% aqueous 

A^Jfi" 10 ^P 0 ?** methylene chloride 
the whole composition was then heated slowly 

Zll*** M 4000 and kept at tii 
temperature for 16 h while effecting a 
moderate Strang with a blade stirreT^ 

rfinLT^ of ca P snks consisting 
of saver hahde emulsion droplets surrounded 
o Jf» polystyrene shdlwas diluted with 
lij* * °°*% aqoeous solution of saponin in 
orto to facflnate the separation by suction. 

Finally the separated capsules were washed 
with 1 1 of a 0.05% aqueous solution f 



saponin in order to improve the ledispasing 
in water. tr—*^s 

The capsule yield was 90%. The amount of 
mopsulated silver halide expressed witiW 
P"* J° Ig of capsules corresponded with 30 
mg of silver. 

Example 3 

Example 2 was repeated with the difference 
mat the sflv« halide was encapsulated together 
with a developing agent Before starting the 
emulaficauon procedure 1 g of l^henvl- 
HTOzohdm-3-one dissolved in 20 ml of 
ahanol was added to the said 100 ml of the 
gdatmo-sflver chlorobromide emulsion. 



For theimodevelopabfe silver halide record- 
ing materials of the type described in the 
Belgian Patent Specification 776,583 filed 
?«ember 13, 1971 by Agfa-Gevaat N.V. it 
is advantageous to encapsulate the stabilizing 
agentm a meltable polymer shell so thatitis 
set free only at the moment of the thennal 
development 

The stabilizing agent elected here for that 
purpose is hydroxyethyithiourea. 

— Encapsulating procedure 
80 ml f a 10% solution of hydroxy- 
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etfayithiourea in a 3.3% aeneous Gelatin solu- 
tion was emulsified by means of°a VTBRO- 
MISCHER in 100 ml of a 17% solution in 
methylene chloride of the copolymer of vinyi- 
5 toluene and isobutyimethacryiate (53/47). 
Hereby the first inversion point has not been 
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When in but one sec. 150 ml of a 10% 
aqueous hydroxyethyiurea solution containing 
w 0.1% saponin was added, the second inversion 
pomt was attained. During the whole operation 
the stirring with the VIBRO-MISCHER was 
continued. 

. ^^J^^ylene chloride contained in the 
15 W/O/W emulsion obtained was then evapora- 
ted slowly by keeping die composition for 16 
nan a water-bath of 40°C while moderately 
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Tht obtained capsules were separated by 
suction and washed with a 0.1% aqueous 
solution of saponin in order to facilitate their 
redispersmg in water. 
Capsule yield: 85%. 

Tlte amount of encapsulated hydroxy- 
ethyithiourea with respect to 1 g of capsules 
was 100 mg. 

WHAT WE CLAIM IS:— 

L. A process of preparing microcapsules 
comprising a hydrophilic liquid in a hydro- 
phobic envelope, which process involves the 
following steps: 

(A) emulsifying a volume V t of a first 
hydrophilic liquid in a volume V a of a hydro- 
phobic liquid consisting of or containing a 
substance or substances for forming hydro- 
phobic capsule envelopes, the volume V t being 
* ot greater than a volume X x where the ratio 
Xi/CXi + V 2 ) corresponds with the first 
inversion point of the formed emulsion and 

(B) rapidly adding to the thus formed 
emulsion, while agitating or stirring, a volume 
V, of a second hydrophilic liquid to form an 
emulsion system comprising a hydrophilic 
liquid continuous phase and a disperse phase 
comprising droplets of hydrophilic liquid 
enveloped in a hydrophobic liquid phase con- 
sisting of or cor^uning said envelope-f orming 
substance(s), the volume V, being such that 
V, + V, > X, - 1/5 (X, - XO where the 
volume X, is such mat die ratio X,/(X a + 
V,) corresponds with die second inversion 
point of die emulsion system, and 

(C) allowing or causing the said envelope- 
toning substance(s) in said enveloping 
hydrophobic liquid phase to form solid 
envelopes around said droplets, 

such envelope forming substance(s) b eing 
composed of at least one water-insohible sub- 
stance which is or are soluble in a water- 
immiscible solvent or mixture of such solvents 
and that has or have, or obtain(s) by evaporat- 
ing the solvent(s) and/or by hardening or 
cross-linking, a sufficient cohesion power to 
form a coherent envelope around the hydro- 
philic liquid fill. X 
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2- A process of preparing microcapsules 
according to claim 1, wherein after step B the 
stirring agitating is maimampri for a period 
of time in which the diameter of the droplets 
becomes smaller and die size distribution 
range of the droplets smaller. 

3. A process according to either of rfanm 1 
and 2, wherein the addition of the second 
hydrophilic liquid is performed in a period no 
longer than 2 seconds. 

4. A process according to any one of rlotm* 
1 to 3, wherein the temperature of the emul- 
sion during its preparation step (A) is kept 
constant. 

5. A process according to any one of claims 
1 to 4, wherein the viscosity of the first hydro- 
philic liquid phase (W x ) differs from the vis- 
cosity of the second hydrophilic liquid phase 

6. A process according to claim 5, wherein 
the viscosity of the first hydrophilic phase 

is higher than that of the second hydro- 
philic liquid phase (W,). 

7. A process according to any one of the 
claims 1 to 4, wherein the compositions of the 
two hydrophilic liquids are identical. 

8. A process according to any one of claims 
1 to 7, wherein the film-forming material for 
forming the capsule envelopes is a hydrophobic 
addition polymer formed by polymerisation or 
copolymerisation of vinyl polymers such as 
styrene, vinyl chloride, vinyhdene chloride, 
vinyl esters, vinyl ethers, acrylic acid esters 
and methacryhc acid esters, acryionitrile and 
niethacrylomtrile, a hydrophobic polyconden- 100 
sauon or poly-addition polymer which is 
soluble in a water-immisdble organic solvent 

or a water-insoluble modified natural polymer. 

9. A process according to any one of claims 

1 to 8, wherein the capsule shell is solidified by 105 
evaporating the solvent(s) for the capsule 
bunding film-forming material. 
. 10 - A process according to claim 10, where- 
in an anti-frothing agent is present during the 
step of evaporation. 

11. A process according to any one of claims 
1 to 10, wherein the capsule shell forming 
material is dissolved in an organic water-' 
immiscible solvent or mixture of solvents hav- 
ing a boiling point below 100°C 

12. A process according to any one of the 
preceding claims, wherein the first and/or 
second hydrophilic liquid contains a hvdro- 
phihe colloid. 3 

13. A process according to any one of the 

ond hydrophilic liquid contains an emulsifying 
agent 

14. A process according to any one of the 
P^^f wherein the hydrophilic 125 
liquid of the fill of the capsules contains one 

or more wetting agents, hygroscopic com- 
pounds, fluorescing compounds, compounds 
decreaang or increasing the pH, fertilizers, 
phytopharmaceuticals, plant growth hormones, 130 
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vitamins, pharmaceuticals, dyes, 

reducing agents, oxidizing agents, polymer 

cross-linking agents or colour reactants. 

15. A process according to any one of 
claims 1 to 13, wherein die capsule fill con- 
tains ingredients suitable for use in photo- 
sensitive recording systems or materials 

T6. A process according to Hatm 15, here- 
in the capsule fill contains one or more silver 
halide developing agents, photo-sensitive 
na i ides , compounds acting as stabilising or 
fixing agent fox photo-sensitive silver halide, 
development activating compounds, develop- 
ment retarding substances, colour couplers, 
dyes, bleaching agents for silver or dyes or 



^iTT* r Photographic colloids. 

17. A process according to any one of the 
preceding chums, wherein the volume V* is 
such dm Vl + V, > X, - A iv 
. 18- A process according to claim 17, where- 
in the ^lurne V, is 3hat V, + i\ 

i*. A process according to claim 1 and 
substantially as herein described. 

HYDE, HEIDE & ODONNELL, 
Chartered Patent Agents, 
47 Victoria Street, 
London SW1H OES, 
Agents for the Applicants. 
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